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COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY W
NIAGARA FALLS STORAGE SITE

LEWISTON, NEW YORK

INTRODUCTION

eginning in 1944, the Manhatt ,an Engineer Distr ict  and i ts successor,  the

Energy Commission (AXC), used port ions of the Lake Ontar io Ordnance

(present ly  re fe r red  Eo as  Ehe N iagara  Fa11s SEorage S i te  (NFSS)  and

te  proper t les ) ,  approx ina te ly  3  kn  nor theas t  o f  Lewis ton ,  NY,  fo r

of radioact lve wasteS. These \{ere pr inar i ly residues from uranium

ing operat ions; however,  they also included: contaminated rubble and

f rom decornmiss ionlng act iv i t ies,  b io logical  and mi .scel laneous wastes

he Univers iEy of  Rochester ,  and 1ow- level  f iss ion-product  waste f rom

nated-l iquid evaporarors at the Knol ls Atomic Power Laboratory (KAPL).

o f  rad ioacEive  waste  was d iscont inued in  1954,  and,  fo l low ing  c leanup

t ies by I looker Chemical Co.,  525 hectares of Ehe or iginal  6L2 hectare

re declared surplus. This property was eventual ly sold by Ehe General

s AdministraEion Eo various pr ivaEe, commercial ,  and governmental

" " . 1

CA Chen ica l  Se rv i ces ,  I nc . ,  (SC l )  i s  Ehe

f i ed  as  o f f - s i t e  p rope r t y  W (see  F igu re  l ) .

r ac t ,  conduc ted  i n  Ju l y  1983 ,  l s  che  sub jec t

current owner of a tract

A radiological  survey of

o f  th is  repor t .

ident

that

t r  i a

Ehe

alon

w i  Eh

SITE DESCRIPTION

i gure  2  i s  a  p lo t  p lan  o f  o f f -s ice  Proper ty  W.  The proper ty  i s  rough ly

u la r  in  shape and occup ies  approx imate ly  I .3  hec tares .  "M"  SEreet  i s

t ,hern boundary;  a chain l ink secur iEy fence forms Ehe property  boundary

Ehe nor thwest  per imeter .  The proPerty  is  present ly  unused'  overgro$tn

b rush  and  t rees ,  and  conEa ins  no  s t rucEures .  The  Wes t  D ra inage  D iEch



passes

ProPer

Radiol

ProPer

prevt

o f t

bank.

d i tch

Radlo

(ORAU

da ted

and p

and

Nat i

in

! .

a general ly nor th / sou th  d i rec t i on €hrough Ehe eastern sect ion of  the

cal ll isto

re is no evidence

y W. Runoff from

sly entered the west

di tch. Dredgings

of storage or burial of contaninated materlal on

storage areas on the Department of Energy site

Drainage Dltch, contatrinatlng sedlments ln the bed

from the ditch have been deposlted along the east

Prevlous surveys have indicated elevated radlation levels along the

i t s  banks .2-4

SURVEY PROCEDURES

comprehensive survey of NFSS off-site property I{ was performed by the

1caI Slte Assessment, Program of oak Ridge Assoclated universltles

durlng July 18-29, 1983. The survey was ln accordance wlth a plan

rch 18, 1983, and approved by the DepartEent of Energy. The object i .ve

cedures f ron that ,  p lan are presented in th is  sect lon.  Decontaminat lon

survey of the wesE Drainage Ditch is the responsibil i ty of Bechtel

,  Inc. ;  that  d i tch was therefore excluded f ron oRAU survey act iv l t les '

ob jec t i ve of Ehe survey was E.o provide a comprehensive assessment oI

property  W. Radio logical  ln formaEion col lected inc luded:
d io logical  on

di rect  radiat lon exposure rates and sur face beEa-gamma dose rates '

locat ions of  e levaEed sur face res idues,

concentraEions of  radionucl ldes ln  sur face

concenErat ions of  radionucl ides ln  ground

and subsurface soi l ,  and

w a E e r .



Proced

Si te

3 r

Preparat ion

Bnrsh and weeds were cleared as needed to Provide access for

gridding and surveying. This oPeration \ras Perforned under

subcontracL by Modern Dlsposal Co.,  Model Clty '  l i lY '

A 4 0 r n g r l d s y s E e m w a s e s t a b l l s h e d b y M c l n t o s h a n d M c l n t o s h o f

L o c k p o r t , N Y , u n d e r s u b c o n t r a c t ' T h i s g r l d s y s t e m i s s h o w n o n

Flgure  3 .

b .

Gamna expoaure rate treasurements were made at the surface and at I n

above the surface at each 40 m grid interval. Measurements erere

performed using portable gamme NaI(T1) scint i l lat ion survey meters'

Converslon of Ehese neasuremenEs to exPosure rates in nicroroentgens

per hour (uR/h) r fas in accordance wlth cross cal ibrat lon wlth a

pressurlzed ionLzat ion chamber.

Beta-ganna dose rat,e neasureuents llere perforued I cm above the

surface at each 40 m grid lnLerval. These measurelDents \tere

conducEed using Ehin-w-indow ((7ng/cnz) '  G-M deEecEors and portable

scaler/rateEeEers. Measurements were also obtained w' i th the detector

shlelded to evaluate contributions of non-Penetrating beta and

low-energy photon radiations. I'{eter readings were converted to

dose-rate in rnicrorads per hour (urad/h),  based on cross cal lbrat ion

Trith a Lhin-window ionization chamber'

Surface (0- l5  cn)  soi l  samples of  approximaEely l  kg each T"ere

col lected at  or  near  each 40 n gr id ln terval '

walkover  sur face scans were conducted over  a l l  accessib le areas of

Ehe Property .  Scanning in tervals  were l .2  m along roads and d i -Ech

banks and 2-5 n on other  proPerty  areas '  Por table galnma

scint i l la t ion survey t reEers were used for  these scans '  Locat lons of

e levated contacE radi .at iOn levels were noted and sur face exposure

rates were l lnasured at  Ehese locat ions '



At  se lec ted  l 0ca t i ons  o f  e l eva ted  su r face  rad ia t i on  l eve l s ,

beta-gamma doSe rates and exposure rates at  l  m above Ehe sur face

were a lso r rpasured.  Sur face soi l  samples were obta ined f rom these

locat ions and,  fo l lowing sampl ing,  the sur face exposure leve1s were

remeasured Eo evaluate the ef fect iveness of  shal low sampl ing on

removal  of  Ehe radlat ion source.  The locat ions where these

addi t ional  measurements and samples were obta ined are indicated on

F igu re  4 .

De tec t i on  Sc lences  GrouP  o t

penetrat ing radar  scans at

invest igat ions.  The PurPose of

presence of  underground PiPing

bo reho le  d r i l l i ng .

Car1isle,  MA, Performed ground

locat ions of ProPosed subsurface

Ehese radar scans was to ident l fy the

or ut i l iEies which would Preclude

Boreholes were dr i l led Eo provide a mechanism for  logging subsurface

direct  radiat ion prof i les and col lect ing subsurface so11 and erater

samples.  Seven boreholes Eo ground r fater  depth (3.5-6 n)  and ohe

sha l l ow  ( t o  1 .5  n )  bo reho le  r . r e re  d r i l l ed  by  s i t e  Eng inee rs ,  I nc . ,  o f

cherry Hi l l ,  NJ,  us ing a t ruck-mounted 20 cm diamecer hol lorstem

auger.  F lve of  the deeper boreholes were dr i l led at  locat ions

considered to be represenEat ive of  average property  condi t ions.  The

oEher .  two deep boreholes and the one shal low borehole Ttere at

locat ions where d i rect  radiat ion 1eve1s had lndlcated contaminated

residues.  Locat ions of  these boreholes are shown on Figure 5 '

A garDma scan of  each borehole was per formed Eo ident i fy  e levated

rad iaE ion  l eve l s ,  wh i ch  wou ld  i nd i ca te  subsu r face  res idues '

Radiat ion prof i les in  Ehe boreholes qrere determined by measurements

of  gamma radiat ion aE 15-30 cm inEervals between the sur face and the

hole boEtom. A col l i rnated ganma sc int i l la t ion deEector  and por table

scaler  were used for  Ehese measurements '

G round  waEer  samp les  o f  app rox ima te l y  3 .5  l iCe rs  each  were  co l l ec ted

from Ehree boreholes us ing a hand bai ler .  Soi l  samples of  approxi -

ma te l y  I  kg  each  were  co l l ecEed  f rom va r i ous  depEhs  l n  t he  ho les  by



9 . Twenty soi l  samples and seven water sanples were col lected fron theLewlston area (but not on the NFSS or associated off_sl te propert les)Eo provlde basel ine concentrat i .ons of radionucl ides for couparlsonpurposes. Dlrect background radiat ion levels were neasured at

:T:T"JI; 
r::::l:: 

"-*l :Tles 
were collecred. rhe locarlons

ilrii": ]o",."t.il- ""t"_:::1 borehole wlrh a specially consrructeds a n p l l n g  t o o 1 .  T ' h o  6 6 x - 1 r - -  
w ' ! ! '  d  s P e c l a r L y  c o n s t r u c t e d

logging lndicare,*:.:::itt: 
locations were ar deprhs where g3mrn6E  d e p t

ll"u:^.:*,^llo,*..."0 
posslbte concaninared residues and

and levels of  radionucl ides. dlstr ibut i .on

","*" ;::"ff'"::Flgure 5.

ses and Inter retat ion of  Resul ts

samples were analyzed by gsmms spectrometry.  Radiun_226 was Ehe:onucl ide of  cor

38, an. orher ,;"t;::::::*

spec t ra  were  rev iewed fo r  Cs-137,
Sr-90 analyses were also performed on

Ra-226 concentrat lons and elevated

soi l  samp

direct  rad

concentrat

procedures

ResuI

fornerly

Appendix B.

es f rom an area of  e levated
at lon. levels.  Water sanples
ons. Addit lonal informatlon
i.s contalned in Appendix A.

of thls survey
l1ized radloact lve

were analyzed for gross alpha and beta
concernj.ng analytical equipnent and

r{ere conpared co appl icable
nater ials handl ing si tes as

guidel ines for
presented  in

Backgr

s o i 1 ,  d e t e r

p resen ted  1

leve l s  f o r  t

Table l -A. Exposure
is  a rea  o f  New york ) .

raEes ranged

RESULTS

vels and Basel lne Concen t ra t l ons

exposure raEes and basel lne
ned for  20 locat ions (F lgure 6)  in

radionucl lde concencraEions in
the  v i c l n i t y  o f  t he  NFSS,  a re
f r o n  6 . g  r o  g . g  u R / h  ( c y p i c a l

Concen t ra t l ons  o f  r ad lonuc l i des  l n  so i l( p i cocu r i es  pe r  g ram) ;  U_235 ,  <0 .14  ro

were :  Ra_2 6 ,  <0 .09  ro  1 .22  pc | /e



o.46
C s - 1 3 7

nuc

Table

0 .  55

resPec

surf

Dlrect

/e ;  U-238 ,  <2,2O t ,o  5.26 pcL/S;  f r t -232,  O'32 to  1 '  18 pct /E;  and

(0.02 to 1.05 pc i /g.  These concentrat ions are typ ical  of  the radion-

levels normal ly  encountered in sur face soi ls .

ioact iv i ty levels in basel ine water samples are

l-B. The gross alpha and gross beta concentrbtlons

presented in

ranged from

1 4 . 3  p C L l L ,

occurr lng in
o  1 .87  pCL/L  (p lcoeur les

lvely.  These are tYPlcal

weter .

Radiation Levels

per  l i te r )  and <0.63  Eo

of concentrat,ions normallY

rect  radiat lon levels ,  measured at  approxiuate ly n gr id intervals,

above Lhe surface

expoaure rates and

9 uR/h (average 8

nted in Table 2. The garnrna exposure rates at I

f rom 6 to 9 uR/h (average 8 uR/h);  contact gamma

dose rates at Ehese locations ranged from 5 to

6 co 30 urad/h (average 17 urad/h),  resPect ively '

ta-ganma measurements perforued with Ehe G-M detector shielded

approximateLy 2O7. less than those wlth the unshielded detector' Tttis

s o n l y a s m a l l p o r t l o n o f , t h e s u r f a c e d o s e r a t e i s d u e t o

nonPe trat lng beta or low-energy photon radiat ions'

40

mare Pr

ranged

beEa-g

uR/h)

aver

tndl

surf

walkover survey identified several

radiat ion levels.  These areas

areas on ProPerty W wlth elevated

are lndicaEed on Flgure 4, and

Table 3.assoc ted radlat lon levels  are present 'ed in

locat,

Cont

cont

o f t

mound

sed i

pa th

exPosure rates at contacE and at I n above the surface at these

ons ranged from L7 ro 76 uR/h and from lO to 27 uR/h, resPect lve1y.

t beta-ga ,na dose rates ranged from llo to 250 urad/h. The maximum

t radiat lon levels were aE gr id locat ion 83N, 260W. This area and nosE

ot .her  areas ident l f ied by Ehe sur face scan were assoclated wl th snal l

of earth along Ehe west. Drainage Ditch. These nounds are l ikely

nE dredged f rom Ehe d i tch dur ing prevlous c leanout  of  Ehls dra inage

Y .



ct radiat ion levels were not reduced by sanpl ing; at

levels actual ly increased fol lowing removal of  soi l  samples'

no6t locat lons

This suggesEs

15 cm below the
chat

surf

q6ng3rnination ln these areas extends greater than

and/or  ls  d i f fused rather  than in d iscrete par t ic les '

0.19  pCi /B)  o f  th is  rad ionuc l ide .

l o g g t n g d a t a w e r e n o t u s e d t o q u a n c l f y r a d l o n u c l i d e c o n c e n t r a t i o n s i n

bsurface soi l ,  because of the varying rat ios of Ra-226, U-235, U-238 '

clide Concentratlons in Surlgca-Sot!

ble 4 l ists the concentrat lons of radionucl ides measured ln surface

so11 nples collected from approxinately 40 m grld intervals ' Ra-225

concen rat lons ranged from (0.15 to L.23 PCL/8 -  not s lgni f icant ly di f ferent

from eline levels. other radionuclides ln Ehese samples were also ln the

ranges of  basel ine concentrat lons.

onucl ide concentrat lons ln surface soi l  samples'  col lecEed from

locat ns of elevated radiation levels are presented in Table 5" The samples

ed Ra-226 concentrations ranging frou 25.3 to 102 pcL/c. The highest

ratlon nas reasured in sample 83 fron grid location 81N, 252w' This

was from one of the mounds of earth along the west Drainage Dltch'

of u-235 and U-238 were also elevaEed in these samples; however, Pa-226

most slgniflcant radionuclide. sample 86 from location 99N, 240I'I was

conta l

1s

ana\yzed, for Sr-90 and found Eo contain only a srnall level

conce

sampl

Level

also

(  0 .3s

le Gannna-l Measurements

scint l l la t lon measurements per formed in boreholes indicated no

subsu face contarn{nat lon in  roost  borehole locaEions and that  conEaminat ion ln

nds of  dredged dt tch sediments ls  l ln l ted to the upper 60-90 cr t r r  i 'e '

ox inate depth of  the nounds.  As ev idenced by soi l  sample analys is '

count  rates decermi-ned by che borehole measurements were re l iab le

rs of  e levated subsurface radionucl ide levels.  I lowever,  the

Ehe

Ehe

the

indic

ganma

the

and -137 occur r ing  in  so i l s  f rou  Eh ls  s iEe '



l ide Concentrat ions in Subsurface Soi l

le 6 presents the radionucl ide concentraElons neasured in soi l  samples

from reholes. The f ive boreholes (Hl- t is)  at  locat ions selected to provide a

tat lve coverage of the Property,  had subsurface radionucl iderePres

concen

nlnl

poss ib

R.a-226

samP

from

Concen

of bas

gr:os6

r "00

drlnk

addlt

are

above

level

open

f rom

i.sola

ratlons elther in the range of baseu.ne samples or less than the

detectable act iv i ty (MDA).

eholes 116-118 were at locations where the walkover scan had identif ied

contaminat lon.  Subsurface samples f rom these boreholes conta ined

levels ranglng from i .Ol to 81.5 PCL/g; however,  only one of these

(ar the 0.t5 cn depth ln borehole I I8) exceeded 4.2O pCLIE. Sanples

surface and at 15 cm deep Ln borehole II8 contained sr-90

r a t i o n s  o f  0 . 3 5  I  0 . 1 9  a n d  0 ' 2 3  +  0 ' 1 8  P C L / g '  r e s p e c t i v e l y '

rations of ot,her radionuclldes were much lower, trost being ln the range

l ine samples"

cllde ConcenErations ln Subsurface Water

ter samples obtalned from three. boreholes contained gross alpha

beta concentrat, ions ranging from <0.56 to 7'09 pCL/L and

and

fron

EPA
6.88 pCL/L, respect ively.  sLnce concentraEions l tere below the

wat,er cr l ter la of 15 pCl/ l  gro6s alpha and 50 pcl /1 gross beta'  no

al isotoplc analyses Irere performed on these samples'

COMPARISON OF SURVEY RESIILTS I'IITII GUIDELINES

guidel lnes apPl icable

ented in Appendix B.

the surface was 9 uR/h

and well below the 60

areas .

resulEs of Ehe

e lecEed  l oca t l ons

Eo c leanup of  the of f -s l te  propert les at  NFSS

The maximum gamma exPosure rate neasured at I m

not ,  s ignf icant ly  d l f ferenc f rom background

uR/h Nuclear  RegulaEory Conmission cr l ter ia  for

walkover  sur face scan and analys ls  of

of  e levaEed d i rect  radiaEion levels

su r face  so i l  con tam{na t i on ,  ave raged

soi l  samples

indicate Ehat ,

o v e r  1 0 0  a 2 ,
ed areas of Ra-226



il

exceed

assoc i

Dral

avera

S t o r

bsurface

Water

5 pCL/g above baseline levels. These areas, shown on Figure 7, are

ed wiLh snall mounds of earth, aPParently removed from the west

Ditch and located along the east bank of the dltch. subsurface

meaSu and samples indlcate Ehat concent,ratlons of Ra-226 exceedlng

t5  pCi are within 0.5 n of the surface and are linited to a snall area' If

over an area of iQO ^2, the concentration would not exceed the

I5  pCi g cr i ter ia.  Concentrat ions of other radionucl ides ln surface and

subsu soi l  are withln the guidel ines for NFSS off-s i te propert les.

water samples

Standards of 15

from Ehree boreholes were withln Ehe EPA Interim

pCL/L gross alpha and 50 pCL/L gross beta'

SIJMMARY

conprehenslve survey of off-s1te ProPerty w at the Niagara Falls

Slte rfas conducted during July 1983. Ttre survey lncluded surface

on scans, lEasurements of direct radiatlon levels, and analyses of

lide concentrations ln surface and subsurface soll samples and ln

ace water samples. The West Dralnage Ditch ls already scheduled for

and resurvey by Bechtel National, Inc. and was therefore not Lncluded

ORAU survey.

results of the survey lndicate snall nounds of earth, apparently

from Ehe West Drainage Dlt,ch, contalning Ra-226 concentrations

ng the cleanuP crlteria of 5 PCL/Z for  sur face soi ls .  These areas t

m2 and average apProxinatelY 15 cnFigure 7, cover aPProxinatelY 80

About 12.5 n3 of soll would have to be removed to bring Ehis ProPertY

u s e .l iance wi th cr i ter la  for  unrestr ic ted

Ehough there are snall areas of contaminated residues on portlons of

operty,  Ehe contaminants do noE Pose PotenEial  health r isks. There is

nce t .hat,  nigrat lon of the radioact lve nater lals is adversely affect ing

radlat

radlon

subsur

clea

in the

shown

deep.

into

this

no ev

adj t  propert ies or  the ground waEer.
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TASLE

RADIONUCL IDE CONCENIts,ATIONS

1-B

IN BASELINE WATER SAMSLES

I{l
1r2
ll3
}l4
I{5
I{6
w7

cat ioua

Range

Refer  to  F igure  $ .
Er rors  a re  2o  based

Rad ionuc l ide  Coucent ra t ions  (pCi /1 )

Gross Alpha Gross  Beta

0 .95
0 .95
0  . 55
0 .63
0  . 73
I  . 87
1. r6

0 .55

+  0 .93  b

!  0 .94
+  0 .78
!  0 .89
I  0 .68
!  1 .84
3  0 .66

to  1 .87

4 .79  a  t . t 5
9 .17  +  1 .31
2 .73  +  L .05
5 .37  !  l . l 7

<0 .54
14 .3  !  2 .4

<0 .53

<0 .63  to  14 .3

on count ing  s ta t i s t i cs .

l 8



D

TABLE 2

DIRECT RADIATION LEVELS MEASURED
AT APPROXIMATELY 40 M GRID INTERVALS

Ganrna Exposure
R a t e s a t l m A b o v e

the Surface
(uR/h)

Gamrna Exposure
Rates at

the Surface
( uR/h)

Beta-Ganna .Dose
Rates at I cn Above

Ehe Surface
( prad/h)

0
0
0
0
0

40

120

,240W
,280W
,320W
,360W
'380I.f
,240W
,280I{
,320t{
,350W
,240W
,280W
,300I.l
,240W
,278W
,240W
,235W

6
6
6
6
7
I
9
8
8
9
8
8
9
8
7
8

6
6
6
6
7
8
8
8
8
9
8
8
8
8
8
8

7
6
6
6

30
t6
I I
T4
26
19
L7
30
26
8

22
2T

I
160
200

i 9
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APPENDIX A

INSTRUMENTATION AIID AI{ALYTICAL PROCEDURES



per fo

489-5

scint

uslng

detec

por ta

probe

Model

po r ta

shie

sc in t

holde

ueasu

daLa

se lec

P.a.-22

radio

a V ic oreen Model 44O lonlzatlon chamber survey meter Eo that of Uhe G-M

Pro

rehole gama radiation neasurements rtere performed uslng a Victoreen

APPENDIX A

Instruoentatlon and Analytical Procedures

intlllati 'on Measurenent

lkover surface scans and treasurement,s of gamma exPosure rates were

uslng Eberline Model PRM-6 portable raEemeters with Victoreen I'lode1

ganna scint i l lat ion probes containing 3.2 crtr  x 3 '8 crn NaI(T1)

t ion crystals.  Count rates were converted to exPosure levels (uR/h)

factors detern{ned by conpar ing the response of  the sc int l l la t lon

wlth that of  a Reuter stokes Model RSS-I11 pressurized ionlzat lon

at several  locacions on the NFSS and off-s l te propert ies.

Dose Rate Measurements

nts rrere performed uslng Eberline "Rascal, " l{odel PRS-I '

scaler/rategeEers with Model IIP-260 thin-window, pancake G-M, beta

. Dose rates (urad/h) were deternlned by comparlson of the response of

489-55 ganna scint l l lat lon probe, connecEd to a Ludlun Model 22OO

le scaler.  The scint i l lat ion probe was shielded by a 1.25 cn thick lead

with four 2.5 cn x 7 m holes evenly spaced around Ehe reglon of Ehe

l lat ion crystal .  The probe was lowered into each hole using a tr ipod

wiEh a snall winch. The length of the hole \tas scanned and

ments were perforued at 15-30 cm intervals in all holes. The logglng

I rere used to ident l fy  regions of  possib le res idues and guide the

i .on of  subsur face soi l  sampl ing locat ions.  Due Eo Ehe vary ing raEios of

,  U-235,  U-238,  and Cs- I37 Ehere was no at temPE to est imate soi l

l ide concenErat ions d i rect ly  f rora the logging resul ts '

A-1



le Anal

i l  sanples were dr ied, nixed'  and a port ion placed ln a 0'5 l i ter

li beaker. The quantity placed ln each beaker was chosen to reproduce

ibrat,ed countlng geoDetry and typically ranged from 600 to 800 E of

Net soil weights lrere determlned and samples counted using solid

(Li) and intrlnsic gernanium detectors coupled to a Nuclear Data

D-680 pulse helght anaLyzer system. Background and compton strlpPlng

c h , p e a k i d e n t l f l c a t i o n , a n d c o n c e n t r a t i o n c a l c u l a t i o n s l i l e r e

u s l n g t h e c o m P u t ' e r c a p a b l l l t i e s i n h e r e n t i n t h e a n a L y z e t s y s t e m .

Energy peaks used for deterninatlon of radionuclldes of concern lvere:

Marine

the

s o i l .

s ta te

l{odel

peak

per fo

Renai

0 . 4 5

con

dryne

Model

0 .609 MeV

0.143 MeV

0.094 Mev

0.662 MeV

226

235

238
-L37

f ron Bi-214 (corrected for equi l ibr iurn condit ions)

fron Th-234 (secular equlllbrlum assumed)

rontluu-90 analysis was performed

"Radiochenical AnalYtlcal

Samples, "  EI[SL-LV-0539-17, l {arch

fol lowlng standard Procedures

Procedures for AnalYsls of

1 9 7 9 .
in

tal

le Anal

ater samples were rough-f l l tered through Whatnan No. 2 f i l fer Paper '

ng suspended sollds were removed by subsequent flltration Ehrough

membrane f l l ters.  The f l l t rate was acidi f led by addlt lon of l0 ml of

trated nitric acid. A known volume of each sample was evaporated t 'o

s and counted for  gross a lpha and gross beta us lng a Tennelec

LB5fOO low-background proport ional  counter '

ation and Assurance

por t

inst

i th  Ehe excePt, lon of

survey gamna and

nts etere cal ibrated

the exposure and dose rate converslon

beta-garnma meEers, al l  survey and

with MS-traceable standards '  The

fac tors  fo r

laboraEory

cal ibrat lon

res for  these por table lnst rumenEs are descr ibed above'
P ro

A-2



and

nonst

the

tty control procedures on all

ck-source measurements to

lstl.cal devtatlons ln equiPment.

Quallty Assurance Program.

lnstruments lncluded dally background

conflrn lack of malfunctlons and

The ORAU laboratory Particl'pates in
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APPENDIX B

SUMMARY OF MDIATION GUIDELINES
APPLICABLE TO OFF-SITE PROPERTIES AT THE

NIAGARA FALLS STOMGE SITE



P r e s e n
c r i  t e f
s i t e s :

l{i rh r
c r l c e
expo6u
frorn n
cont  r i
in t rus
D o s t  c
A lso ,
t h a t  a
a d d i  t i
t h e  c
A 1 s o ,
conca
f a c t o
o o r  o
wi l l
backg

The r
were
cons i
cos  t -
The
regu l

Ll^ t
-  l o c

a r e
a g e

Pr

U. S. DEPARNENT OF EIiERGY

RIS]DTJAL CO}iTA}IIIiATIOIi AND WASTE CO}iTROL CRITEP.IA
r v A

FOP.\ERLY UTILIZED SITES

REI.ICTE SUP.PLU S FA C I Ll T I E S ll,{-NA GE}ENT PROGRI'Y ( S FMP SITES

ed here  are  Ehe res idua l  con ta t r lna t lon  c feanup and waste  cont ro l

. - " ; - ; ; " ; ra r  appr icab i l l t y  to  the  FUSRA? pro jec t  and reoote  SFI IP

e except ion  o f  l io ics  fo r  rad i r :n .226,  the  so l l  res idua l  con ta t r ina t loD

a eere  deve loped on  the  bas ls  o f  l lo i t lng  nax iouo lnd lv idua l  rad la t lon

e ro  DOE ] lu i ts  spec l f led  1n  DOE Order  5480.1A exc lus ive  o f  exPosu le

tu ra l  background rad ia t lon  or  ned ica l  p rocedures .  T l re  aggregate  o f  the

u t j ' o n f r o u a l l u a j o r P s t h w a y s , b a s e d o n s c e n a r l o s f o r P e r D a n e u t
or l r  e .g . ,  es tab l t -sh ing  res idences  on  the  s l te ,  h t : - ! : "1 , i : "111:1 '^^ l :
rc rEBstancesr  the  prob ib f l l t y  l s  low tha t  such an  ln i rus lon  s111 occur '

onserva t lve  assuaPt lons  were  used in  der iv ing  these c r l te r la  to  ensure

p" t i i . . " f . r  dose l ia1 t  wou ld  no t  be  exceeded.  Use o f  these c r i te r la  l s

na111.  conse lva t lve  because th€  Pathr tays  cons ldered ln  the  der lva t lon  o f

te r ia  assurDe a l l  sa te r  in take  and nos t  food in take  1s  f roo  the  s l te '

he  s i tes  o f ten  have l io l ted  agr lcu l tu raL  capab l l l t y  and the-

n a t l o n l s g e n e r a l l y n o t h o n o g e n e o u s . T h e c o n b i n e d e f f e c t o f t h e s e
is  such rhas  the  probab le  rad la r ion  exposure  to  the  average popu la t loa

in  the  v ic ln l t1 .  o f ,  FUSRAI  s i tes  decontaminated  to  these c r l te r la  l lo l t s

r be appreclably dl f ferent frou that norual ly recelved froo natural

r a d i a t l o n .

s ldua l  con taE inac lon  c r l te r ia  fo r  sur fgge contan lna t lon  o f  s tn rc tu res

eve loped f roo  a  p roposed AI IS I  s tandat f  ood i f led  as  aPProPr la ie  to  be

tent wlth DOE orier 5480. lA and the speclf ic needs of FUSRAI for

f fec t l ve ,  workab le  gu ide l lnes  wh lch  prov lde  an  adequate  sa fe ty  uarg ln '

s te  cont ro l  c r l te r la  a re  cons l .s ren t  w l th  app l l cab le  DoE orders  and EPArs

t lons  fo r  lnacr ive  uran l r :n  o l I l i ng  s l tes ,  40  cFR 192.

: ro te  SFYP s l te  l s  one tha t  1s  excess  to

ted  ou ts ide  a  ua jo r  oPera t lng  DOE R&D or

u o r e  l l k e I y  t o  b e  r e l e a s e d  t o  t h e  p u b l i c

DOE prograYiRaEic  needs and ls

p r o d u c t l o n  a r e a .  R e E o t e  s l t e s

or  excessed to  o ther  tovernnent

1es  a f te r  decontarn ina t ion  than are  s i tes l oca ted  t ; l t h  rna jo r  R&D o r

u c t l o n  a r e a s .

N ' l 3 . 1 2  ( p r o p o s e d )  - -  a n  a d a p t a t l o n

A}ID

3/exs
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DL:AL COI\TAYINATION CRITEP.IAFOP. FORYERTY MILIZED SITES AD P.EH

TIES YA.IiAGE}€I{] P oGP*t'1

t o
re
rh
be
as
11
EE

fo l lo r . lng  c r l te r la  represent  the  aax ln r .o  tes ldua l '  con tas lna t lon  l io l l s

unres t r i c ted  use  o f  land  and s t ruc tu !es  contan lna ted  u i th  rad lonuc l ldes

red  to  the  nuc lear  fue l  cye le  e t  FUSRIP aad reoote  sFHP s l tes '  I t  1s

po l l cy  o f  DoE to  decootaE ina te  s l tes  to  conta t r lna t lon  1eve ls  a t  o r

oL '  the  l in l t s  and 1n  a  t ranner  cons ls ten t  w l th  DOE'a

Lo$-as- is - reasonab ly -ach ievab le  (A I -qM)  po l1cy .  Res idua l  con ta i lna t lon

i ts  fo r  gqher  nuc l i ies  w111 be  deve loped when-  regu l red  us lng  the  saoe

ioaorog* /  
" .  

, r t "  used fo r  those rePresented  here '

So i l  (Land)  Cr i te r ia  (Uax iuu t r  L l t r l t s  f  o r  Unre

so1l cr l t . t rJ '21 ' ! l
(pCl lg  above background)

75
150
150
r5

5 gCL/Z i  averaged over  the

f i rs t  15  cu  o f  so l l  be low

the sur face ;  15  PCi lg  r :hen

averaged over 15 cD thick

sol l  layers trore than 15 cs

be lou  the  sur face  anC less

than l .5s  be los  the  sur face '

Rad ionuc l l de

?a-226

v-ng
Pa-231
Ae227

!\-232

Al.24IAt
Pu-241:'
Pu-238 , 239, 24O
Cs- I 37
Sr-93
H-3 (pCi /a l  so i l oo is tu re  )

140
40

t90

l5

20
800
100
80

I00
5  , 200

VO"" . r tUed ln  ORO-831 and ORO-832 '

r a d i o n u c l i d e s ,  t h e
to  l t s  l i ro l  c  sha l l  be

sha l l  no t  exceed l  '  There

u u s t  b e  o o d l f i e d :

b - z



( a ) | f R 3 - 2 2 6 l s p r e s e n t , t h e n t h e f r a c t l o n f o r P a - 2 2 6 e h o u l d n o t b e
l n c l u d e d  t n  t h e  s u c  l f  t h e  R a - 2 2 6  c o n c e n t r a t l o n  1 s  l e s s  t h a n  o r

e q u a l t o t h e T h - 2 3 o c o n c e n t r a t l o n . I f t h e ? a - 2 2 6 c o n c e n t r a t l o n
e x c e e d s t h e T h - 2 3 0 c o n c e n t r a t 1 o n , ' ! h e n t h e s u o e h a l l b e
e v a l u a t e d b y r e p l a c l n g t h e R . a - 2 2 6 c o n c e n t r a t l o a b y t h e
d l f fe renc" -L" . r " .n  tne  na-zz5  and Th-230 concent ra t lons .

(b) I f  Ac-227 is present,  then the saoe rule glven 1n (a) 
- for 

Ra-226

r e l a t l v e t o T h - 2 3 0 a p p l i e s f o r A c - 2 2 7 r e 1 a t l v e t o P a - 2 3 1 .

a l
3 / E x c e p t  f o r  R a - 2 2 6 ,  t h e s e  c r l t e r i a

res iduaf  concent ra t ions  above bac

lh lck  laYer  to  any  dePth  and over

T t r€  saE€ cond l t ions  Preva l l  fo r  R

1 . 5  u ;  b e n e a t h  1 . 5  u ,  t h e  a l l o s a b

af fec ted  by  s i te -spec l f l c  cond i r lons  and aus t  be  eva lua ted

accord ing lY .

l / to""t ized concen.rat lons 1n excess of these l ln l ts are al losable

prov ided tha t  the  average over  100 t t  l s  no t  exceeded '

t reans the suo of  3 .7 x  lOl0
(d i s / s )  f ron  u -238  p lus  3  ' 7  t - t o lO  a i s / s

a i "7"  f roa U-235.  one cur le  of  naturaf  '

,000 k l logr : rns or  61600 pounds of  natura l

l /e 
" tr t i "  

of  natural  uraniun

Cis ln tegra t ions  Per  secoqd
f r o u  t r - 2 3 4  P l u s  1 . 7  x  l 0 -

u ran lun  ls  equ iva len t  to  3

uran i to .

9/^r r r r r "s  no other  uraniun lsotopes dre present '

l- /rn. Th-230 guidellne ts t5 pCi/e to account for ingrowth of Ra-?28

as Tlr-230 aecays . R.a-226 rl  a l iolrtng radlonucllde because 1ts

decay product ls Ru-222 gas'

Pu-241 c r l le r lon  sas  der ived froo the AE-241 concentrat lou'

S tnrc tu re  Cr l te r la  (Haz lnun L in l ts f o r  U n r e s t r i c t e d  U s e

9/rn"

b .

a .  Indoor  Radon DecaY Produc ts

A s i ruc tu re  loca ted  on  pr iva te  ProPer ty  and in tended

u n r e s t r l c t e d  u s e  s h a l l  b e  s u b j e c t  t o  r e o e d i a l  a c t l o n

annua l  ave rage  concen t ra t i on  o f  r adcn

O . 0 3  I J L  c i t h i n  c h e  s t r u c t u r e '

I ndoo r  Gan ia  F .ad ia t i on

f o r
as  necessa ry

decaY Products
Ec ensure  the
is  less  than

The lndoor gaFtrna

2 0  o i c r o r o e n t g e n

r a d i a t l o n  a f ! e r  d e c o n c a o i n a t i o n  s h a l l  n o E  e x c e e d

p" i  t r " " t  ( 20  ;R /h )  above  backg round '

I '- J



C . Indoor  /Out  door  S t  ruc tu re S u r f a c e  C o n t a a l n a t l o n

Rad l  onuc11 des Tota l  Reoovab le

100

1  ,000 200

5 ,000 I  , 000

20Group  l :

Radionucl ldes for  sh lch the
unconcro l led area concentrat lg?
euide lc-air above backgrounF' ls
I  x  t o - ^ r  c i l o '  o r  l ess  o r  f o r
r lhich the uncontrol led area con-
cenErat lonrgulde 1n uaggr_abo3e
backgrounF' ls 2 x l0 cLls
or  l iss ;  lnc ludes Pa-231,  fh-228 '
Th-230, Ac-227, Ra-226, Ra-228, and
Pb-z10.

Group 2:

Radlonuclldes not 1n GrouP I for
which  the  uneont ro l led  area  con-

cent ra f , ion  gu ide  1n . ,9 i r  abqve back-
ground: /  l s  I  x  l0  

' -  C i /o -  o r  less

or  fo r  wh lch  the  uncont ro l led  area

concentrat l rgn guld" 1l- ; -" : : r  3bove
backgrounF/ ls I  x l0 

-  
c1lu- or

less; includes U-232, U-238, fh-232,

Ra-223,  aud Pr2 l0 .

Group 3 :

l . t tose radlonucl ides not ln Group

I or GrouP 2; lncludes U-234,

U-235, and Ra-224
and a l l  o ther  be ta-ga- " 'a  eo l t te rs '

I t  
' '

I / fU" levels nay be averaged oveS I  u- provlded the uaxinun

acr lv t ry  i .n  any  area  o f  lo0  cna ls  less  than 3  t i ces  the  l lu i t

va lue ;  dPt r  -  d is in tegra t ions  Per  u inu te '  In  the  event  o f

o c c u r r e n c e  o f  o l x t u r E s  o f  r a d i o n u c l l d e s ,  t h e  f r a c t i o n  c o n t r l b u t e d

b y e a c h r a d l o n u c l l d e t o i t s l i o i t s h a l l b e d e t e r o i n e d , a n d t h e
sun o f  these f racc lons  sha l l  no t  exceed l '

3/cr . r "n in  At rachnent  I  to  chapter  Xr ,  Table r r ,  DoE order

5480.  tA.
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l f i e d  h e r e  a r e  t h e  c o n t r o l  r e q u l r e o e n t s  ( c r l t e r l a )  f o r  r a d l o a c t l v e

es  and res ldues  re laCed to  the  nuc lear  fue l  cyc le  a t  FUSMP and re t ro te

s 1 t e s .

I . I n t e r l o  S t o r a g e

Al l  opera t lona l .  and cont ro l  requ l re rDents  spec l f ied  1n  the  f  o1 lo r ' r lng  DOE

0rders  sha l l  aPPIY:

6 .  5 4 8 0 . 1 A ,  E n v i r o n o e n t a l  P r o t e c t l o n ,  S a f e t y ,  a n d  H e a l t h  P r o t e c t i o n

Prograo fo r  DOE OPera t ions .

5480.2, Eazardous and Radloact lve [ ixed tJaste Manageoent.

5483.1 ,  Occupat iona l  Safe ty  and HeaLth  Prograo fo r  GovernEent {L1red

Cont rac tor -Opera ted  Fac l l1 t les .

d .  5 4 8 4 . 1 ,  E n v l r o n n e n t a l  P r o t e c t l o n ,  S a f e t y ,  a n d  H e a l t h  P r o t e c t l o a

In fo roa t lon  Repor t lng  Requ l reoents '

.  5484.2 ,  Unusua l  Occur rence Repor t ing  Sys tea '

.  c o n c r o l  a n d  s t a b i l i z a t i o n  f e a t u r e s  w l l l  b e  d e s i g n e d  t o  e n s u r e '  E o

t b e  e x r e n t  r e a s o n a b l y  a c h i e v a b l e ,  a u  e f f e c t l v e  l 1 f e  o f  5 0  y e a r s '

and in  any  case '  a t  feas t  25  Years '

Rn-222 concentratLons ln the armosphere above fact l i ty surfaces or

openlngs shal. l  uot ( l )  exceed loo pcL/I  at .  any glven poiat '  9f  8n

average concenr rar lon  o f  30  pc l / l  io r  the  fac l l l t y  51 te ,  o r  (2 )

exceed an averag e Rn-222 contentrat lon at or above any local loo

ours tde  the  fac i i l t y  s l te  o f  3 .0  pCl / l  (above backgrouod) '

h .  For  r . 'a te r  Pro tec t lon '  use  ex ls t ing  s ta te  and federa l  s tandards ;

apPly  s l te -sPec l f l c  oeasures  uhere  needed '

Lon g-Te rr }lana genent'

a .  A l l  o p e r a t i o n a l  r e q u i r e o e n C s  s p e c l f l e d  f o r  I n t e r i m  S c o r a g e

F a c i l i t i e s  ( B . l )  w i l l  a P P l y .

L

e

t

g .

)

C o n t r o i  a n d  s t a b l l i z a t i o n . f e a t u r e s  w i l l  b e  d e s i g n e d  t o  e n s u r e  E o

t h e  e x r e n t  r e a s o n a b l y  a c h i . e v a b l e ,  a n  e f f e c g l v e  ] l f e  o f  1 , 0 0 c  y e a r s

a n d ,  i n  a n y  
" " t . ,  

i t ' l e t s t  2 0 0  y e a r s '  O t ! : l  d i s p o s a l  - q i : e  d e s i g n

fea tures  sha l1  conforn  w l th  40  CFR Par t  192 per fo r6ance

gu l  de  l ines  /  requ i  rements  .
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c.

D.

c .  Rn-222 e t ranat lon  to  the  8 tDosphere  f roD fac1 l1 ty  tu r faces  or

open lqg  sha l l  no t  (  I  )  exceed an  average re lease ra te  o f '  20

pb i / r '7 " ,  o r  (2 )  lnc rease the  annua l  average PsL-222 concent raB lon

a t  o l  a b o v e  a n y  l o c a t l o n  o u t s l d e  l b e . f a e l 1 1 t y  6 1 t e  b y  D o r e  t h a n  0 . 5

p C 1  /  1 .

d .  F o r  s a t e r  p r o t e c t l o n ,  u s e  e x l s t l n g  s t a t e  a n d  f e d e r a l  S t a n d a r d S ;

aPPly  s l te -sPec l f l c  oeasures  where  needed.

e i  Pr io r  to  p laceuent  o f  eEy.Poten t la l l y  b iodegradab le  contao lna ted

L'astes ln a Long-Terr Hanagenent Facl l l ty,  such lJastes tr l1 l  be

proper ly  cond l t ioned to  (1 )  eusure  tha t  the  genera t lon  and escaPe

of  b iogen ic  gases  s111 no t  cause the  c r l te r la  1n  paragraph 2 .c .  to

be exceeded,  and (2 )  ensure  tha t  b iodegrada l lon  w i th io  the  fac i l i t y

w i l l  uo t  resu l t  1n  prenature  sEruc tura l  fa l lu re  Dot  ln  accordaace

s i th  the  c r l te r la  ln  paragraph 2 .b . .  I f  b lodegradab le  Eas tes  are

cond l t loned by  lnc inera t loo ,  lnc lnera t lon  opera t ions  w l l l  be

car r led  ou t  1 ;  coop l lance s l !h  a l l  app l l cab le  federa l '  s ta te ,  and

local alr  eaission standards and requlreoents, lncludlng auy

s tandards  fo r  rad ionuc l ides  es tab l i ihed  pursuant  to  40  CFR Par t  51 ,

Narlonal Eaisslon Standards for Hazardous Alr  Pol lutants ( ! iESP^APS)'

EPTIONS

Procedure  - -  Ana lys ls  o f  s l te -spec l f i c  cond l t lons '

App l icab l l t t y  - -  L t re re  hea l th
where  cos t  c lear lY  ou tve ighs

TERIA SOLTRCE

a n d  s a f e t y  w o u l d  b e  e n d a n g e r e d r ' o r
b e n e f l t s .

SourceCr i  te r la

s ldua l  con tan ina t ion  Cr l t  
" t t !

t l  Cr i te r la

ruc ture  Cr i te r ia

t r o l  o f  P 'ad loac t i ve W a s t e s  a n d  R e s i d u e s

t e r l u  S t o r a g e

D O E  0 r d e r  5 4 8 0 . 1 4 '
40 CFR Fart lg22t

40  CFR.  Par t  192,
p r o p o s e d  A f  S I  i l 1 3 .  1 2 .

DOE Order  5480.  lA
40 CFR Part 192Term Manageoent



edure
I  cab111ty

40 CFR
40 CFR

Part
Part

t92
t92

e bases  o f  che  res ldua l  con tan lna t lon cr l te r la  a re  deve loPed

831 as suppleoented and 0RO-832.

d on l ia l t lng the concentrat lon of tadon-222 decaY Products to

.03 WL wl th in  s t ructures.

1a
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